-  '  F 


AIR  POLLUTION  TESTING  OF  HYPERGOUC 
FUEL  VAPOR  SCRUBBERS  AT  CAPE 
CANAVERAL  AIR  FORCE  STATION,  FLORIDA 


W.  KEITH  FELTS 

ENGINEERING  ^SCIENCE  2 
7903  WESTPARK  DRIVE 
MCLEAN.  VIR6INIA  22103 


OCTOBER  1981 
FINAL  REPORT 

JULY  1980  -  NOVEMBER  1980 


ENGINEERING  &  SERVICES  LABORATORY 
AIR  FORCE  ENGINEERING  &  SERVICES  CENTER 
TYNDALL  AIR  FORCE  BASE,  FLORIDA  32403 


NOTICE 


Please  do  not  request  copies  of  this  report  from 
HQ  AFESC/RD  (Engineering  and  Services  Laboratory). 
Additional  copies  may  be  purchased  from; 

National  Technical  Information  Service 
5285  Port  Royal  Road 
Springfield.,  Virginia  22161 

Federal  Government  agencies  and  their  contractors 
registered  with  Defense  Technical  Information  Center 
should  direct  requests  for  copies  of  this  report  to ; 

Defense  Technical  Information.  Center 
Cameron  Station 
Alexandria,  Virginia  22314 


SECURITY  CLASSIFICATION  OF  THIS  PACE  (Wien  Data Entered) 


REPORT  DOCUMENTATION  PAGE 


READ  INSTRUCTIONS 
BEFORE  COMPLETING  FORM 


1.  REPORT  NUMBER  : 2 .  GOVT  ACCESSION  NO. 

.  -  S 

ESL-TR-80-58 


4.  TITLE  (end  Subtitl *) 

AIR  POLLUTION  TESTING  OF  HYPERGOLIC  FUEL  VAPOR 
SCRUBBERS  AT  CAPE  CANAVERAL  AIR  FORCE  STATION, 
FLORIDA 


7.  AUTHOR^ 


W.  Keith  Felts 


5.  TYPE  OF  REPORT  &  PERIOD  COVERED 

Final  Report 

July  1980  -  November  1980 


6.  PERFORMING  ORG.  REPORT  NUMBER 

3729.00/30 


8.  CONTRACT  OR  GRANT  NUMBERfsJ 

F33615-80-D-4001 


9.  PERFORMING  ORGANIZATION  NAME  AND  ADDRESS 

Engineering-Science 
7903  Westpark  Drive 
McLean,  Virginia  22103 


II.  CONTROLLING  OFFICE  NAME  AND  AODRESS 

HQ  Air  Force  Engineering  and  Services  Center 
Tyndall  Air  Force  Base,  Florida  32403 


10.  PROGRAM  ELEMENT.  PROJECT,  TASK 
AREA  S  WORK  UNIT  NUMBERS 

PE  62601F 
JON  19007002 


12.  REPORT  DATE 

October  1981 


13.  NUMBER  OF  PAGES 


14.  MONITORING  AGENCY  NAME  ft  ADDRESS1*/  dtllerot.t  trom  Controlling  Otficei  J  IS.  SECURITY  CLASS,  (ol  this  report) 


USAF  Occupational  Environmental  Health  Laboratory 
B-ooks  Air  Force  Base,  Texas  78235 


UNCLASSIFIED 


1 5a.  DECLASSIFICATION/ DOWNGRADING 
SCHEDULE 


16.  DISTRIBUTION  STATEMENT  (ol  this  Rspott) 

Approved  for  public  release;  distribution  unlimited. 


17.  DISTRIBUTION  STATEMENT  (ol  the  abstract  entered  :n  Block  CO,  if  dillerent  from  Report ) 


18.  supplementary  notes 

Availability  of  this  report  is  specified  on  verso  front  cover. 


19.  KEY  WORDS  f Continue  on  r»vcr*o  sice  U  necessary  and  Identity  by  block  ntimber) 


Emissions  Packed  Tower 

Nitrogen  Tetroxide  Emission  Control 

Monomethylhydrazine  Pollution  Control 

Vapor  Scrubbers  Rocket  Fuel 

\  Hyperqolic  Fuel _ _ _ 

ABSTRACT  (Continue  on  reverse  side  ll  nec  essary  end  identify  by  Mock  purrber ) 

Hypergolic  fuel  and  oxidizer  scrubbers  were  studied  to  determine  emissions 
produced  during  actual  hypergol  transfers.  Scrubber  liquor  used  in  the  fuel 
scrubber  was  14  percent  citric  acid  and  the_  sepubber  liquor  in  the  oxidizer 
scrubber  was  5  percent  Nao.H  -  12  percent  Nal^so^j 


(Reverse) 


SECURITY  CLASSIFICATION  OF  THIS  PAGEfWnn  Dtlt  Enltrtd) 


The  fuel  (monomethylhydrazine-MMH)  scrubber  was  studied  during  transfers  from 
bulk  tanks  to  a  truck  tanker.  During  fuel  transfers  the  inlet  and  outlet  MMH 
concentrations  were  monitored  and  the  scrubber  liquor  was  also  sampled  for  pH 
and  MMH  concentration.  Results  obtained  show  excellent  scrubber  efficiency  and 
detail  scrubber  performance  over  a  course  of  many  transfers.  MMH  concentrations 
at  the  inlet  averaged  approximately  89,000  ppm  and  outlet  concentrations  ranged 
from  1.1  to  2.3  ppm. 


The  oxidizer  (Nitrogen  Tetroxide  -  N2O4)  scrubber  was  studied  under  similar 
transfer  conditions.  Inlet  and  outlet  NO2  concentrations  were  measured  and 
scrubber  liquor  was  analyzed  for  pH  and  SO3  concentration.  Average  inlet  NO2 
concentration  for  the  test  series  was  approximately  428,000  ppm  and  outlet 
concentrations  ranged  from  approximately  1,100  to  60  ppm.  Inlet  and  outlet 
N2O4  concentrations  and  scrubber  liquor  analyses  are  given  for  11  transfer 
operations.  Scrubber  efficiency  was  generally  good  but  capacity  of  the  liquor 
was  low  only  lasting  approximately  2.5  hours  under  the  test  transfers. 


PREFACE 


The  work  described  herein  was  conducted  by  Engineering  Science,  7903  Westpark 
Drive,  McLean,  Virginia  22102,  under  U.5.  Air  Force  Contract  Number  F  33615-80-D- 
400.1.  Work  was  performed  at  the  Cape  Canaveral  Air  Force  Station,  Florida.  Major 
William  E.  Normington  managed  the  program  for  the  U.S.  Air  Force  Occupational  and 
Environmental  Health  Laboratory.  Mr.  Thomas  B.  Stauffer  of  the  Air  Force 
Engineering  and  Services  Center  supplied  technical  direction. 

This  report  has  been  reviewed  by  the  Public  Affairs  Office  and  is  releasable 
to  the  National  Technical  Information  service  (NTIS) .  At  NT2S  it  will  be  available 
to  the  oeneral  public,  including  foreign  nationals. 


This  technical  report  has  been  reviewed  and  is  approved  for  publication. 


/iicrmo-i.  &  •  'S 


THOMAS  B.  STAUFFER,  GS-13 
Research  Chemist 


MICHAEL  J.  (gyAN,  LbColTUSAF,  BSC 
Chief,  Environics  division 


<s£>. 


FRANCIS  B.  CROWIEY  III,  Col,  USAF f 
Director,  Engineering  and  Service^ 
Laboratory 


Accession  For 

NTIS  C-RA&I  Jf" 

DTIC  TAB 

Unmounced  □ 

Justification _ 

By - _ — _ _ _ 

Distributi  or./ 

Availability  Codes 
{Avail  and/or 
Bist  !  Special 


1  Cor-r 

Vwsf»£creo . 

v  2  y 


(The  reverse  of  this  page  is  blank.) 


TABLE  OF  CONTENTS 


Section 


Title 

INTRODUCTION 
Background 
Process  Description 

SUMMARY  AND  DISCUSSION  OF  RESULTS 
MKH  Scrubber  Test  Results 
N204  Scrubber  Test  Results 

SAMPLING  EQUIPMENT 
Inlet  Gaseous  Samples 
Scrubber  Solution  Samples 
Outlet  Gaseous  Samples 

SAMPLING  PROCEDURES 

Inlet  Gas  and  Scrubber  Solution  Sampling 
MMH  Outlet  Gas  Sampling  Procedures 
Outlet  Gas  Sampling  Procedures 

ANALYTICAL  PROCEDURES 
MMH  Scrubber  Analytical  Techniques 
N2°4  Scrubber  Analytical  Techniques 


APPENDIX  A  TEST  DATA  SUMMARY  TABLES 

(INCLUDING  EXAMPLE  CALCULATIONS) 


LIST  OF  FIGURES 


Figure 

1 

2 

3 

4 

5 

6 

7 

8 


Table 

1 

2 

3 

4 

i 

I 

! 


j 

3 

I 

1 


Title  Page 

Block  Diagram  of  Scrubber  System  Showing 

Sampling  Locations  (Typical)  2 

MMH  Scrubber  Operations,  Scrubber  Solution 
pH  and  MMH  Concentrations  versus  Scrubber 
Operating  Time  9 

N2O4  Scrubber  Operations,  Scrubber  Solution 
pH,  Sulfite  Concentration,  Scrubber  Outlet 
tJ02  Concentration  versus  Scrubber  Operating 


Time  11 

Typical  MMH/N02  Scrubber  Outlet  Sampling  Train  14 

Calibration  Curve  MMH  Concentration  versus 

Absorbence,  DAB  Prepared  with  Methanol  28 

Calibration  Curve  MMH  Concentration  versus 

Absorbence,  DAB  Prepared  with  Kater  29 

Calibration  Curve  -  NaN02  Concentration  versus 

Absorbence  (Perkin  Elmer  Specti ophorr.eter )  31 

Calibration  Curve,  Sulfite  Concentration 

versus  Absorbence  32 


LIST  OF  TABLES 


Title 

Page 

Summaay  of  MMH  Scrubber  Sampling 

5 

Summary  of  N20^  Scrubber  Sampling 

7 

Outlet  MMH  Sampling  Summary 

19 

Outlet  N204  Sampling  Summary 

25 

. . . . . Ml . . . . . . . . 1 . . . . . . . . I . ill .  -  . . . . . .  . . . * . * 


'"’'J!''  'n  i'.m>4( 


SECTION  I 


INTRODUCTION 


BACKGROUND 

The  National  Aeronautics  and  3;"vace  Administration  (NASA)  has 
several  wet  scrubbers  di  signed  to  remove  hypergolic  fuel  vapors 
from  various  gas  stream?.  The  scrubbers  are  located  at  Cape  Cana¬ 
veral  Air  Force  Station,  Florida  (CCAFS).  The  U.S.  Air  Force  (USAF) 
is  interested  in  determining  if  the  hypergolic  scrubbers  are  appli¬ 
cable  to  certain  USAF  05  erations  involving  hypergolic  fuels.  To¬ 
wards  this  end,  a  contract  was  let  to  conduct  a  series  of  tests  at 
the  CCAFS.  The  purpose  of  those  tests  was  to  determine  the  effec¬ 
tiveness  of  the  scrubbers  in  controlling  hypergolic  fuel  vapors 
and  to  quantify  the  emissions  from  these  scrubbers.  The  two  hy¬ 
pergolic  fuels  under  investigation  were  monomethyl  hydrazine  (MMH 
fuel)  and  nitrogen  tetraoxide  (N2O4  oxidizer).  Tests  were  con¬ 
ducted  during  the  month  of  August  1980.  This  report  presents  the 
results  of  the  testing  of  the  hypergolic  fuel  vapor  scrubbers. 


PROCESS  DESCRIPTION 


Scrubber  System 


Two  scrubbers  were  presented  for  testing,  one  each  for  MMH 
and  N2O4.  These  scrubbers  were  manufactured  by  Martin-Marietta, 
Model  Number  S70-1095,  and  were  designed  to  meet  Kennedy  Space 
Center  Specification  No.  79KG84S2.  Each  scrubber  is  a  portable, 
skid-mounted  system  roughly  6  by  6  by  10  feet  high.  The  system 
contains  four  vertical-packed  bed  scrubbing  towers.  A  750-gallon 
scrubber  liquor  storage  tank  is  located  beneath  the  packed 
towers.  Scrubbing  liquor  is  pumped  from  the  storage  tank  to  spray 
heads  located  in  the  top  of  each  tower.  The  liquid  flows  by  gravi¬ 
ty  from  each  tower  back  into  the  storage  tank.  Gas  flow  through 
the  towers  is  countercurrent  to  liquid  flow.  The  gas  flows  through 
each  of  the  towers  in  series.  Figure  1  is  a  block  diagram  of  the 
scrubber  system. 

The  scrubber  system  is  designed  to  handle  a  flow 
rate  of  400  standard  cubic  feet  per  minute,  much  higher  than  was 
encountered  during  the  testing.  The  scrubber  inlet  line  is  6  in¬ 
ches  in  diameter.  For  this  test  the  scrubber  system  was  modified 
to  accept  a  3/4-inch  gas  inlet  line.  Sample  taps  and  valves  were 
provided  by  Boeing  Services  International  (BSD  on  the  inlet  and 
outlet  lines  of  the  scrubber  and  the  scrubber  liquor  storage  tank. 


1 


Scrubber  Liquor  J 

When  scrubbing  MMH  vapors/  the  scrubbing  liquor  was  a  14  per-  I 

cent  solution  of  sodium  citrate  in  water  (citric  acid).  For  reraov-  J 

ing  N2O4  vapors,  a  water  solution  of  5  percent  sodium  hydroxide  and 

10  percent  sodium  sulfite  was  used.  ; 

J 

Fuel/Oxidizer  Transfers  • 

Separate  scrubber  efficiency  tests  were  conducted  during  fuel  f 

(MMH)  and  oxidizer  (N2O4)  transfer  operations.  The  liquid  propel-  ( 

lants  were  transferred  from  a  controlled  storage  tank  to  a  tank 
truck.  The  transfer  is  a  batch  operation  involving  about  3,000 
gallons  per  transfer.  Pressurized  gaseous  nitrogen  is  used  to 
force  the  propellant  from  one  tank  to  the  other.  The  tank  being 
filled  is  vented  through  the  scrubber  to  the  atmosphere.  The  ac¬ 
tual  liquid  transfer  operation  took  about  three  quarters  of  an 
hour  for  MMH  and  about  one  and  a  quarter  hours  for  N2O4.  The  pro¬ 
pellant  was  then  transferred  back  into  the  controlled  storage  tank, 
after  chemical  analyses  stowed  that  the  propellant  was  not  contam¬ 
inated.  Samples  of  the  scrubber  inlet  and  outlet  gas  streams,  as 
well  as  scrubber  solution  samples,  were  collected  during  each 
transfer. 


The  transfer  and  scrubber  operations  were  performed  by  3SI  per¬ 
sonnel.  These  operations  incorporate  very  stringent  safety  regula¬ 
tions.  All  personnel  within  50  feet  of  the  transfer  operation  are 
required  to  wear  special  pressurized  life  support  suits,  called 
SCAPE  suits.  All  personnel  beyond  the  50-foot  limit  must  be  upwind 
of  the  transfer  site.  1J0  electrical  equipment  is  allowed  -within 
50  feet  of  the  transfer  site. 

Prior  to  the  start  of  a  transfer,  BSI  personnel  made  all  the 
piping  hookups.  Safety  personnel  then  inspected  all  the  connections. 
After  this,  safety  personnel  determined  if  the  weather  conditions 
were  suitable  for  the  transfer.  (Mo  transfers  are  allowed  if  there 
is  an  electrical  storm  in  the  area  or  if  there  is  an  inversion.) 

After  the  safety  personnel  gave  their  approval ,  the  area  was  cleared 
and  those  working  in  the  area  put  on  their  SCAPE  suits.  The  trans¬ 
fer  was  then  initiated.  A  total  of  3  to  4  hours  was  required  to 
complete  the  operations  associated  with  a  single  transfer- 


SECTION  II 


SUMMARY  AND  DISCUSSION  OF  RESULTS 


Tables  1  and  2  present  the  results  of  testing  conducted  on  the 
MMH  and  N2O4  scrubbers  at  the  CCAFS.  Table  1  lists  the  results  for 
the  MMH  scrubber  tests  {Run  Numbers  MMH-R1  through  MI-2J-R17).  Table 
2  lists  the  N204  scrubber  test  results  {Run  Numbers  N2O4-RI  through 
N204-R10 ) . 


MMH  SCRUBBER  TEST  RESULTS 

Table  1  presents  results  for  inlet  and  outlet  HHH  concentra¬ 
tions,  scrubber  solution  KMH  concentration  and  pH,  and  the  gas  flow 
rate  to  the  scrubber.  The  inlet  MMH  concentration  reported  is  the 
average  of  a  series  of  grab  staples,  the  number  of  samples  depen¬ 
dent  on  the  length  of  the  run,  collected  during  each  run,  as  is  the 
scrubber  solution  MMH  concentration  and  pH.  The  inlet  gas  flow  rate 
was  calculated  from  the  displacement  effected  by  the  transfer  of 
liquid  propellant  per  unit  time.  As  part  of  the  normal  operations 
required  during  a  fuel  transfer,  any  excess  pressure  present  in  the 
receiving  tank  had  to  he  vented  through  the  scrubber  prior  to  the 
initiation  of  the  actual  fuel  transfer.  This  exhausted  gas  was  not 
included  in  the  air  flow  rate  calculation  since  the  initial  tank 
venting  operation  was  of  short  duration  compared  to  the  entire  trans¬ 
fer  time.  However,  gaseous  sampling  was  conducted  during  this  time. 

Tne  scrubber  outlet  MMH  concentrations  presented  in  Table  1  re¬ 
present  a  variety  of  sampling  conditions  addressed  in  the  footnotes 
to  Table  1  and  further  explained  in  Section  4,  Sampling  Procedures* 

It  became  apparent  to  the  test  team  shortly  after  the  test  program 
had  started  that  measuring  MMH  at  the  low  concentrations  found  in 
the  scrubber  outlet  would  be  very  difficult-  Several  variations  in 
sampling  procedures  were  tried*  The  method  which  proved  most  suc¬ 
cessful  was  the  collection  of  a  continuous  outlet  sample  over  the 
duration  of  four  MMH  transfers.  This  sa-ple  protocol  was  observed 
for  runs  MHH-R9-12,  KMH-R13-16,  MMH-R17,  and  HMH-R13.  For  reasons 
explained  in  Section  IV,  the  contractor  feels  these  results  repre¬ 
sent  the  most  accurate  MMH  scrubber  outlet  concentrations  measured 
during  the  sampling  period,  values  reported  for  the  other  runs 
should  be  considered  approximate. 

The  average  inlet  Mis  concentration  for  all  the  sampling  runs 
was  approximately  89,-000  parts  per  million  Cppa),  and  outlet  K5S 
concentrations  averaged  1*1  pp  (all  values)  and  2.3  ppm  {results 
of  four  transfer  sraples*  only)*  This  represents  a  ollection  ef¬ 
ficiency  for  the  scrubber  of  greater  than  99  percent.  Sear  in  mind, 
however,  that  observations  made  during  collection  of  the  inlet  sam¬ 
ples  indicated  the  presence  of  1 cplets  or  a  mist  which  could  have 
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Table  1.  SUMMARY  OF  MMII  SCRUBBER  SAMPLING 


Table  1.  SUMMARY  OF  MMH  SCRUBBER  SAMPLING — Com  luded 
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Table  2.  SUMMARY  OF  N204  SCRUBBER  SAMPLING 
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Thisii  value  represents  the  NO  concentration  for  the  scrubber  outlet  (see  Section  IV)  . 


been  liquid  MMH.  The  presence  of  the  liquid  MMH  in  the  inlet  sam¬ 
ple  would  cause  the  concentration  of  gaseous  MMH  to  appear  very 
high.  This  would  also  cause  the  collection  ef  iciency  of  the 
scrubber  (on  a  gaseous  basis)  to  be  inordinately  high. 

Figure  2  represents  a  plot  of  scrubber  solution  MMH  concentra¬ 
tion  and  pH  versus  scrubber  opera  -  Predictably »  the  MMH 

concentration  increased  with  oper*1,  y  t!m«.  /'so  predictably, 
considering  that  an  acid-base  rea  c  r.  K  been  theorized  by  Ken¬ 
nedy  Space  Center  personnel  as  the  cor- .oiling  reaction  in  the  MMH 
scrubber,  the  scrubber  solution  pH  also  increased.  After  run  MMH- 
R17,  the  scrubber  solution  was  replaced  with  fresh  citric  acid.  As 
can  be  seen  in  Table  1,  the  scrubber  outlet  concentration  dropped 
considerably  (from  an  average  concentration  for  MMH-R17  of  3.4  ppm 
to  1.6  ppm  for  run  MMH-R18),  indicating  that  the  scrubber  solution 
may  have  been  approaching  exhaustion  prior  to  its  replacement. 


N204  SCRUBBER  TEST  RESULTS 

Table  2  presents  the  inlet  and  outlet  nitrogen  dioxide  (N02) 
concentrations,  the  scrubber  solution  sulfite  (S03)  concentration 
and  pH,  and  the  inlet  gas  flow  rate  for  rests  conducted  during  a 
series  of  N204  transfers.  As  for  the  MMH  transfers,  the  Inlet  gas 
flow  rate  was  calculated  from  the  displacement  effected  by  the  li¬ 
quid  N204  transfer.  Inlet  N02  concentrations  and  scrubber  solution 
values  are  the  average  of  several  grab  samples  collected  during 
each  transfer. 

As  explained  in  the  footnotes  to  Table  2  and  further  explained 
in  Section  IV-  Sampling  Procedures,  only  those  outlet  N02  samples 
collected  over  intervals  of  an  N204  transfer  were  used  to  determine 
the  scrubber  outlet  N02  concentration  for  that  transfer  (i.e.,  scrub¬ 
ber  outlet  N02  samples  collected  over  the  duration  of  the  transfer 
were  not  used  in  determining  the  outlet  concentration). 

As  part  of  the  sampling  protocol,  two  blends  of  N204  were  to 
be  investigated:  MON  1  (99  percent  N204  and  1  percent  NO)  and  MON 
3  (97  percent  N204  and  3  percent  NO).  Transfers  N02-Rl  through 
-R6  were  conducted  while  MON  3  was  being  transferred.  Runs  N02-R7 
through  -R12  were  conducted  on  MON  1. 

As  part  of  the  sampling  protocol,  scrubber  outlet  samples  were 
analyzed  for  nitric  oxide  (NO)  during  runs  N204~R8,  -R9,  and  -RlO. 
These  results  are  presented  in  Table  2  as  the  second  outlet  'concen¬ 
tration  value  reported  for  these  runs* 

The  inlet  N02  concentration  measured  during  the  N204.  transfer 
averaged  428,000  ppm.  This  value  represents  not  only  N02  gas>  but 
also  N204  droplets  in  the  inlet  gas  stream,  as  droplets  of  N204  were 
observed  during  inlet  sample  collection  (see  Section  IV,  Sample  pro¬ 
cedures).  N204  reacts  with  the  N02  absorbing  solution  as  NOs  does, 
thus  giving  the  appearance  of  very  high  N02  concentrations  in  the 
inlet  gas  stream. 
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MMH  Scrubber  Operations,  Scrubber  Solution  pH  and  MMH  Cobcen 
trations  versus  Scrubber  Operating  Time 


Figure  3a,  3b  is  u  plot  of  scrubber  liquor  SO,”  concentration  U 

and  pH,  and  scrubber  outlet  NO2  concentrations  versus  scrubber  op¬ 
erating  time.  The  most  obvious  observation  is  the  rapidity  with  j 

which  the  scrubber  solution  was  exhausted.  (Fach  fresh  charge  of  j 

10  percent  SO^-  lasted  for  approximately  2.5  lours  of  scrubber  op-  j 

eration.)  At  the  completion  of  Runs  N204-R3,  -R5,  -R8,  and  -Rll, 
th-  scrubber  solution  appeared  depleted,  as  as  determined  from 

three  separate  observations:  the  high  K02  concentrations  measured  „  I 

towards  the  end  of  these  runs,  the  low  SO^-  concentration  measured 
in  the  scrubber  solution  at  the  same  times,  and  the  observation  of 
a  reddish-orange  plume  of  gas  (presumably  N02 exiting  the  scrubber 
exhaust  towards  the  end  of  Runs  N204-R3  and  -Rll. 

For  Runs  N2O4-R4  and  -R6,  it  will  be  observed  that  outlet  N02 
concentration  started  high  and  dropped  to  lower  values  before  the 
scrubber  solution  was  depleted.  No  explanation  can  be  given  for 
this  observation?  however,  it  can  be  speculated  that  the  scrubber 
system  exhibits  a  lag  effect  due  to  the  large  scrubber  volume  in 
comparison  to  the  gas  flow  rates. 

Referring  to  Table  2,  the  outlet  N02  concentration  averaged 
1,109  ppm  for  the  11  transfers  conducted  during  this  test  program. 

If  the  results  from  those  runs  where  the  scrubber  liquor  so3=  ap¬ 
peared  exhausted  are  excluded  the  outlet  N02  concentration  aver¬ 
aged  57  ppm.  Referring  to  Run  N204~R9,  the  scrubber  outlet  con¬ 
centration  was  only  6  ppm  N02  during  the  run.  This  sample  was 
collected  during  a  special  transfer  in  which  the  inlet  gas  flew 

rate  was  only  2.0  actual  cubic  feet  per  minute  (ACFM)  versus  an  1 

average  of  6.5  ACFM  for  the  other  10  transfers.  Since  it  can  be  i 

assumed  that  the  reaction  of  N02  gas  with  an  aqueous  SO-j”  solu-  j§ 

tion  is  a  mass  transfer  limited  reaction,  the  reduced  gas  flow  B 

rate  may  have  enhanced  the  removal  of  N02  from  the  gas  stream. 
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FIGURE  3.  N2O4  Scrubber  Operations,  Scrubber  Solution  pH,  Sulfite 
Concentration,  Scrubber  Outlet  NO2  Concentration  versus 
Scrubber  Operati  g  Time 


SECTION  III 


SAMPLING  EQUIPMENT 


The  equipment  employed  for  sampling  both  the  MMH  and  N2O4  gas 
scrubbers  during  this  survey  was  identical. 


INLET  GASEOUS  SAMPLES 

For  sampling  the  inlet  gas,  a  1/4-inch  valved  stainless  steel 
tap  with  a  rubber  septum  on  the  end  was  placed  in  the  scrubber  in¬ 
let  line.  Gaseous  samples  were  extracted  from  this  line  using  a 
30- millimeter  (ml)  hypodermic  syringe  with  a  2-inch  Luer-Lok®  need¬ 
le.  After  the  gaseous  sample  was  collected  and  the  sample  absorb¬ 
ing  solution  (0.1  N  HC1  for  MMH  and  Saltzman  reagent  for  N02)  was 
drawn  into  the  syringe,  the  syringe  was  capped  by  setting  a  rubber 
cork  on  the  end  of  the  needle. 


SCRUBBER  LIQUOR  SAMPLES 

To? collect  scrubber  liquor  samples,  a  valved  1/4- inch  stain¬ 
less  steel  tap  with  a  l/4~inch  sample  line  was  placed  in  the  dis¬ 
charge  line  of  the  scrubber  solution  recycle  pump.  Solution  sam¬ 
ples  were  drawn  from  this  line  into  500-ml  borosiiicte  glass  bot¬ 
tles  with  Teflon®  lined  caps.  The  1/4-inch  sample  line  extended 
to  the  bottom  of  the  sample  jar;  efforts  were  made  to  ensure  that 
the  sample  line  was  kept  below  the  sample  jar  liquid  level  during 
sampling.  This  was  done  to  minimize  loss  of  MMH  in  the  MMH  scrub¬ 
ber  solution  and  oxidation  cf  SO^  in  the  scrubber  solution 

during  sample  collection. 


OUTLET  GASEOUS  SAMPLES 

Figure  4  is  a  generalized  diagram  of  the  equipment  employed 
to  collect  the  outlet  gaseous  samples.  A  1/4-inch  stainless  steel 
valved  tap  was  placed  in  the  outlet  line  of  the  scrubber*  To  this, 
the  upstream  manifold  shown  in  Figure  4  was  attached.  To  the  mani¬ 
fold,  a  series  of  glass  midget  impinger  trains  containing  the  ap¬ 
propriate  absorbing  solution  was  coupled.  The  midget  impingers- 
were  standard  impingers  fitted  with  glass  bubbler  tips  rather  than 
frits.  All  connecting  tubing  upstream  of  the  glass  impingers  was 
either  Teflon®  or  stainless  steel. 

Gas  exiting  the  midget  impinger  trains  passed  through  a  silica 
gel  drying  tube  to  a  polypropylene  vacuum  line  of  approximately  75 
feet  in  length.  This  length  was  needed  to  ensure  that  all  unpro¬ 
tected  personnel  and  all  electrical  equipment  was  at  least  50  feet 
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upwind  from  any  potential  HMH  or  N2O4  leaks,  as  required  by  safety 
regulations*  Outlet  gas  samples  were  drawn  through  this  assemblage 
using  a  RACS  (Research  Appliance  Corp. )  vacuum  pump  -  dry  gas  meter 
rotometer  assembly  for  measuring  sample  flow  rates  and  total  gas 
volume  sampled. 


SECTION  IV 


SAMPLING  PROCEDURES 


This  section  addresses  procedures  employed  for  sampling  the 
MMH  and  scrubbers  at  the  CCAFS.  procedures  for  sampling  the 

inlet  gas  concentrations  and  scrubber  liquors  were  basically  the 
same  for  both  MMH  scrubber  testing  and  N2O4  scrubber  testing.  Be¬ 
cause  of  differences  In  the  nature  of  the  gases  sampled,  sampling 
for  outlet  gas  concentrations  varied  considerably  between  MMH  and 
n2®4  scrubbers.  The  first  subsection  of  this  section  explains  the 
procedures  employed  for  sampling  the  inlet  gas  and  scrubber  liquors 
for  both  the  MMH  and  N2C>4  scrubbers.  The  second  subsection  de¬ 
scribes  sampling  procedures  for  MMH  scrubber  outlet  gas  concentra¬ 
tions,  and  the  third  subsection  addresses  N20.  scrubber  outlet  N02 
gas  concentration  sampling. 


INLET  GAS  AND  SCRUBBER  LIQUOR  SAMPLING  PROCEDURES 
Inlet  Gas  Sampling  Procedures 

As  originally  planned,  sampling  for  inlet  gas  concentrations, 
was  to  have  employed  a  midget  impinger  train  assembly  similar  to 
the  ones  used  for  sampling  the  outlet  gas.  Prior  to  initiation  of 
the  test  survey  at  the  CCAFS,  an  investigation  of  the  potential  gas 
concentrations  of  MMH  and  NO2  that  might  be  encountered,  based  on 
vapor  pressures,  revealed  that  gas  concentrations  higher  than  could 
be  effectively  sampled  with  an  impinger  train  would  be  encountered. 
Therefore,  the  decision  was  made  to  sample  the  inlet  gas  with  30-ml 
Luer-LakW  syringes. 

Generally,  the  procedure  for  sampling  inlet  gas  with  the  sy¬ 
ringes  was  as  follows,  within  5  minutes  of  the  initiation  of  an 
MHH  or  N2O4  transfer,  the  first  gas  sample  was  detracted  with  a 
syringe.  Immediately  after  this  gas  sample  was  collected,  a  known 
aliquot-  of  absorbing  solution  was  drawn  into  the  syringe  containing 
the  gas  sample.  The  syringe  was  then  capped  with  a  rubber  cork  and, 
shaken  to  ensure  good  mixing  between  the  gas  and  absorbing  solution. 
Generally,  for  the  MMH  transfers,  subsequent  syringe  samples  were 
collected  at  approximately  10-minute  intervals  after  the  first  sam¬ 
ple  collection.  For  N2O4  transfers,  syringe  samples  were  collected 
at  10-  to  1 5-mi nute  intervals  after  the  first  sample  was  collected. 
Gas  sample  volumes  for  MMH  were  were  15  ml  and  10  fill  for  NO2  samples. 
The  absorbing  solution  for  the  MMH  samples  was  0.1  M  HCl,  and  the 
amount  of  HCl  drawn  into  the  syringe  after  sample  collection  was  15 
ml.  For  N02  samples,,  the  absorbing  solution  was  Saltzman  Reagent, 
and  the  reagent  aliquot  was  20  ml. 


After  the  completion  of  a  transfer,  the  syringes  containing  gas 
sample  and  absorbing  solution  were  transported  to  the  field  labora¬ 
tory  for  sample  recovery.  Each  syringe  was  vigorously  shaken  for 
about  one  minute,  after  which  the  liquid  contents  were  expelled  into 
a  volumetric  flask.  Subsequently,  the  syringe  was  washed  thorough¬ 
ly  with  the  appropriate  absorbing  solution?  the  wash  contents  were 
placed  in  the  appropriate  volumetric  flask,  and  the  flask  contents 
were  then  taken  up  to  volume  with  absorbing  solution. 

Scrubber  Liquor  Samples 

The  scrubber  liquor  samples  were  collected  1  to  2  minutes  after 
the  inlet  gas  samples.  As  explained  in  Section  II,  Sampling  Equip¬ 
ment,  borosilicate  glass  bottles  were  used  to  collect  the  scrubber 
solution  samples.  These  samples  were  capped  immediately  after  col¬ 
lection  and  were  transported  at  the  completion  of  a  transfer  to  the 
field  laboratory  for  analysis. 


MHH  OUTLET  GAS  SAMPLING  PROCEDURES 

At  the  inception  of  this  test  survey,  the  contractor's  intent 
was  to  sample  the  outlet  MMH  concentration  using  midget  impinger 
trains.  The  contractor  proposed  to  take  a  total  of  six  to  eight 
outlet  samples  during  each  t. ansfer.  Two  samples  were  to  have 
been  integrated  samples  collected  throughout  the  entire  transfer 
operation.  The  remaining  four  to  six  samples  were  to  have 
been  collected  individually  at  10-  to  15-minute  intervals  during 
the  transfer.  These  samples  would  have  indicated  if  the  concen¬ 
tration  cdianged  during  the  transfer. 

At  the  completion  of  the  first  MMH  transfer,  results  indicated 
that  the  outlet  concentrations  were  very  low,  almost  at  the  lower 
limit  of  detectability  for  the  methodology  employed  to  analyse  the 
samples*  Subsequently,  for  runs  H?4H-R2  and  MHH-R3,  the  contents 
of  each  of  the  impingers  was  analyzed  separately  in  an  attempt  to 
determine  if  the  impinger  trains  were  exhibiting  good  collection 
efficiency.  Also,  since  the  quantity  of  MMH  being  collected  in 
the  impinger  trains  was  apparently  so  low,  it  was  decided  to  in¬ 
crease  the  sampling  time  for  each  short-term  impinger  train.  Al¬ 
though  the  results  From  runs  R-2  and  R-3  were  not  conclusive,  in* 
dications-  were  that  two  factors  were  effecting  the  low  values  ob¬ 
served  for  Run  MMH-R1  outlet;  poor  retention  of  the  subject  MMH  in 
the  absorbing  solution  (0.1  H  hydrochloric  acid),  and  poor  reten¬ 
tion  caused  by  high  sampling  flow  fates  which  appeared  to  strip 
collected  MMH  from  the  lead  impingers.  Thus,  the  sampling  teas 
was  confronted  with  the  difficulty  of  collecting  sufficient  sample 
MMH  for  analysis  in  the  time  required  to  complete  a  transfer. 

fi®s  KHH-R4  and  -R5  were  conducted  to  investigate  different 
absorbing  solutions :  0.1  N  sulfuric  acid  (H^SO^ ) ,  0.1  N  citric 

acid,  and  0*1  N  hydrochloric  acid  CHGl-J*  The  results  of  these 
runs  indicate!  that  the  H2SO,  solutions  were  the  best  absbrfeing- 
solutions.  Subsequent  sampling  Sdf  Hlffl  in  the  scrubber  outlet 


gas  sir.-, it.  employed  0.1  N  H2SO4  as  the  absorbing  solution  in  the 
impinger  trains.  Also  investigated  during  runs  MHH-R4  and  -R5  was 
the  alteration  of  the  impinger  train  from  a  total  of  three  impingers 
to  four  impingers  per  train;  this  was  done  in  an  attempt  to  improve 
retention  of  mmh  in  the  impinger  train;  however ,  the  results  were 
inconclusive - 


Runs  MMH-R©  and  — R7  featured  an  expanded  impinger  train  (six 
inpingers)  as  well  as  variations  in  the  sMapling  flow  rates  in  or¬ 
der  to  investigate  the  effects  flow  rate  had  on  collection  effici¬ 
ency*  The  results  of  these  runs  indicated  that  a  lower  flow  rate 
effected  better  sample  MMH  retention*  and  the  additional  impingers 
were  required  to  retain  the  MKH  collected.  Also*  starting  with 
these  runs*  no  further  short- terra  impinger  train  samples  were  col¬ 
lected. 


Runs  MMH-R9  through  -R12,  MHH-R13  through  -R16,  MKH-R17,  and 
HMH-R1S  represent  scrubber  outlet  samples  collected  over  the  dura¬ 
tion  of  four  transfers*  These  samples  were  collected  at  a  lower 
flow  rate  than  attempted  during  any  of  the  previous  runs;  since 
the  sample  flow  rate  was  so  low,  it  was  necessary  to  collect  a 
single  sample  over  four  transfers*  thereby  insuring  sufficient 
sample  volume  collection.  These  samples  were  analysed  by  impin¬ 
ger  {i.e*»  each  impinger  was  analyzed  individually);  results  in¬ 
dicated  better  sample  MKH  collection  efficiency  then  had  been  pre¬ 
viously  observed.  Because  of  this  higher  efficiency,  the  contrac¬ 
tor  believes  that  these  outlet  samples  (Run 6  MMH-R12,  -R16,  -R17, 
and  -RlS)  represent  the  most  accurate  value#  for  scrubber  outlet 
MMH  concentrations.  As  an  adjunct  to  the  samples  collected  during 
these  four  transfers,  runs  MMH-R9  through  -R16  featured  two  impin¬ 
ger  trains  of  two  impingers  each*  run  parallel  to  the  impinger 
train  sample  collected  during  the  four  transfers.  These  impinger 
trains  were  analyzed  at  the  completion  of  each  individual  transfer* 
This  was  not  done  during  runs  KMH-R17  and  -RlS;  instead,  these  two 
impinger  trains  were  replaced  with  two  impinger  trains*  each  with 
six  impingers  per  train,  which  were  run  for  the  duration  of  the 
four  transfers*  The  results  for  each  impinger  train  are  reported 
individually  as  the  outlet  MKH  con cent rat ion  for  runs  MMH— R17  and 
-RlS. 

Table  3  presents  a  summary  of  sampling  techniques,  flow  rates, 
etc*  employed  during  the  testing  for  MMH  in  the  scrubber  outlet 
gas  stream* 

Prior  to  the  initiation  of  each  sampling  run*  a  series  of  im¬ 
pinger  trains  was  charged  with  20  ml  of  absorbing  solution  in  each 
impinger  at  the  field  laboratory.  The  impinger  trains  were  then 
transported  to  the  transfer  area  and  connect  ed  to  the  sampling  man¬ 
ifold  (section  Illy  Sampling  Equipment)  in  preparation  for  sampling. 
After  plumbing  was  accomplished,,  but  before  sampling,  a  leak  check 
was  performed  using  the  following  technique «  The  valve  at  the 
scrubber  outlet  sample  line  was  closed  agdil*  intermediate  valves 
were  opened!  and  the  RACS  vacuum  pump, was  turned  on*  The  vacuum; 
pump  wag  allowed  to  run  until  10  inches  of  jjpcBUp  was  developed  in 
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Table  3.  OUTLET  MMH  SAMPLING  SUMMARY— Continued 
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Table  3.  OUTLET  MMH  SAMPLING  SUMMARY— Continued 
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Table  3.  OUTLET  MMH  SAMPLING  SUMMARY — Concluded 
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the  impinger  train,  as  measured  via  a  vacuum  gauge  installed  in  the 
inlet  manifold  assembly.  After  the  appropriate  vacuum  had  been  es¬ 
tablished,  the  impinger  contents  were  checked  for  bubbling,  and  the 
dry  gas  meter  register  was  observed  for  movement.  If  no  bubbling 
was  observed,  and  if  the  dry-gas  meter  registered  less  than  0.02 
cubic  feet  in  one  minute,  the  system  was  considered  leak  tight. 

In  no  case  was  sampling  allowed  to  proceed  unless  this  leak  check 
had  been  conducted  satisfactorily.  During  sampling,  the  vacuum 
did  not  exceed  2  inches  of  vacuum. 

At  completion  of  a  transfer,  the  impinger  trains  were  discon¬ 
nected  from  the  sampling  manifold,  sealed  with  rubber  caps,  and 
transported  to  the  field  laboratory  for  sample  recovery  and  analy¬ 
sis. 


Sample  recovery  was  accomplished  by  transferring  the  impinger 
contents  into  an  appropriately  sized  volumetric  flask.  The  impin- 
gers  were  then  washed  with  -the  solution  employed  as  the  absorbing 
solution  for  that  impinger  train.  The  wash  contents  were  then 
transferred  to  the  volumetric  flask,  and  the  flask  was  brought  up 
to  volume  with  absorbing  solution. 


n2o4  outlet  gas  sampling  procedures 

as  was  the  case  with  MMH  sampling,  the  sampling  team  encoun¬ 
tered  difficulties  in  using  impinger  trains  effectively  to  sample 
the  scrubber  outlet  for  the  subject  gas.  For  the  N204  scrubber, 
the  difficulty  encountered  resulted  from  the  fairly  high  N02  gas 
concentration  present  in  the  scrubber  outlet,  and  the  poor  trans¬ 
fer  of  N02  gas  into  the  aqueous  medium  present  in  the  impingers 
(Saltzman  reagent). 

Continuous  impinger  train  samples  were  collected  for  the  dura¬ 
tion  of  this  phase  of  the  test  program,  as  were  short-term  impinger 
trains.  Not  until  after  evaluation  of  the  data  at  the  completion 
of  the  test  program,  however,  did  it  become  obvious  that  the  reten¬ 
tion  capacity  of  the  continuous  trains  had  been  exceeded.  For  ex¬ 
ample,  N02-R1  impinger  trains  CTl  and  CT2  measured  N02  concentra¬ 
tions  in  the  scrubber  outlet  of  12  ppm  and  28  ppm,  respectively. 
Short  term  impinger  trains  T3  through  T6  measured  an  average  N02 
concentration  of  56  ppm  for  the  same  time  period.  This  pattern  re¬ 
peated  itself  for  continuous  samples  collected  of  the  N204  scrubber 
outlet  gas;  for  this  reason,  results  reported  for  the  N204  scrubber 
outlet  N02  concentrations  were  calculated  using  the  average  of  the 
short  term  impinger  train  results  for  each  of  the  N204  transfers. 

The  techniques  employed  for  setting  up,  leak  checking,  and  re¬ 
covering  the  impinger  trains  used  to  sample  the  N204  scrubber  out¬ 
let  were  identical  to  those  used  for  the  MMH  scrubber.  {See  pre¬ 
vious  heading,  MMH  Outlet  Gas  Sampling  Procedures.) 

For  Run  N02-R1,  each  impinger  was  filled  with  20  ml  of  Saltzman 
reagent;  however,  due  to  the  high  N02  concentrations  measured  during 
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this  run,  the  decision  was  made  to  increase  the  amount  of  Saltzman 
reagent  to  30  ml  in  each  impinger.  After  analysis  of  N02-R4  had 
been  completed,  results  indicated  that  three  impingers 
per  train,  as  originally  planned,  were  not  sufficient.  The  decision 
was  made  to  increase  the  number  of  impingers  per  train  to  six  for 
run  NC>2-R5  and  all  subsequent  N2O4  transfers.  However,  even  with 
six  impingers  in  series,  small  amounts  of  NO2  were  observed  in  the 
last  impinger  of  all  trains.  (Saltzman  reagent  turns  pink  upon 
contact  with  low  concentrations  of  N02. ) 

While  the  test  program  was  underway,  the  desire  was  expressed 
for  a  quantification  of  the  amount  of  nitric  oxide  (NO)  being  dis¬ 
charged  from  the  N2O4  scrubber.  Employed  was  a  method  from  Air 
Pollution  Sampling  and  Analysis,  2nd  Edition,  for  sampling  NO 
(Method  405  -  Tentative  Method  of  Analysis  for  Nitric  Oxide  Con¬ 
tent  of  Lhc  Atmosphere),  whereby  an  oxidation  chamber  is  placed 
in  a  sampling  train  for  converting  NO  Cc  NO- ,  and  the  NO2  formed 
is  measured  using  the  standard  Saltzman  technique.  This  was  done 
during'  runs  N02-R8,  -R9,  and  -RIO,  plumbing  this  NO  sampling  train 
at  the  end  of  an  N02  sampling  train  (Train  T6).  The  oxidation 
chamber  was  plumbed  in  after  the  NO2  impinger  train,  and  the  NO 
train  followed  the  oxidation  chamber. 

Table  4  presents  a  summary  of  sampling  techniques,  flow  rates, 
etc. ,  employed  during  the  testing  for  N02  in  the  scrubber  outlet 
gas  stream. 
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Table  4.  OUTLET  N-,0,,  SAMPLING  SUMMARY 
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SECTION’  V 


ANALYTICAL  PROCEDURES 


This  section  describes  the  analytical  methods  employed  during 
the  hypergolic  vapor  scrubber  testing  conducted  at  the  CCAFS.  The 
first  subsection  addresses  the  analytical  techniques  employed  dur¬ 
ing  MKH  scrubber  testing,  while  the  second  subsection  addresses  the 
N2O4  scrubber  testing  analytical  methods.  Test  data  summary  tables, 
including  example  calculations,  are  presented  in  Appendix  A. 


MMH  SCRUBBER  ANALYTICAL  TECHNIQUES 
MMH  Analysis 

The  analytical  method  for  MMH  determinations  was  the  color- 
metric  procedure  whereby  MMH  reacts  with  p-dimethyl  amino  benza.l- 
dehyde  (DAB)  in  an  aqueous  acid  medium  to  form  a  highly  colored 
product.  Using  a  Parkir.  Elmer  or  Spectronic  20  spectrophotometer, 
with  the  instrument  set  to  zero  absorbence  using  a  reagent  blank, 
the  absorbence  was  read  at  460  namometers  (nm)  This  absorbence  was 
then  compared  with  a  calibration  curve  prepared  using  aqueous  solu¬ 
tions  of  MMH  and  DAB. 

Because  of  an  equipment  malfunction  encountered  during  the  test 
period  involving  the  Perkin  Elmer  spectrophotometer,  the  field  lab¬ 
oratory  personnel  were  forced  to  use  a  Spectronic  20  single-beam 
spectrophotometer  for  a  portion  of  the  test  period.  Figures  5  and 
6  show  the  calibration  curves  employed  for  MMH  analysis  using  the 
two  different  spectrophotometers.  Observe  that  these  figures  also 
address  the  use  of  DAB  prepared:  (1)  in  methanol,  and  (2)  in  water. 
Due  to  the  shortage  of  methanol  available  at  the  field  laboratory, 
it  was  necessary  to  analyze  some  of  the  MMH  samples  using  DAB  pre¬ 
pared  in  water  instead  of  the  specified  methanol.  The  calibration 
curves  drawn  in  Figures  5  and  6  were  determined  using  linear  re¬ 
gression. 

pH  Analysis 

The  MMH  scrubber  solution  pH  was  measured  using  a  standard 
glass  pH  electrode  and  an  Orion  pH  meter.  Samples  were  shaken 
well  before  measurement;  samples  were  stirred  with  a  magnetic 
stirring  bar  during  measurement.  The  pH  calibrations  were  done 
using  standard  buffer  solutions. 


0  Spec  20 


MMH  CONC.  {nig/ml ) 
r  p  -  Dimethylaminobenzeldehyde 

FIGURE  5.  Calibration  Curve  hWH  Concentration  versus  Absorbance 
PAR  Prepared  with  Methanol 


CALIBRATION  DATA 


NaN02  CONC.  (10~5  wg/H ) 


FIGURE  7.  Calibration  Curve  -  NaNOo  Concentration  versus  Absorb¬ 
ance  (Perkin  Elmer  Spectrophotometer) 


ABS 


USING  PE 'KIN  ELMER 
SPECTROPHOTOMETER  - 


USING  SPECTRONJC  20 
SPECTROPHOTOMETER 


CALIBRATION  DATA 

ABS  at  412  ran 


S03  (pg/ml } 

PE 

SPEC  20 

0.4 

0.030 

0.0465 

0.8 

0.090 

0.100 

1.6 

0.219 

0.210 

3.2 

0.460 

0.460 

4.8 

0.702 

0.655 

6.4 

0.935 

0.85 

8 

1.240 

1.02 

3  3  4  5  6  7 

SULFITE  CONC.  (yg/ml) 


8  9 


FIGURE  8.  Calibration  Curve,  Sulfite  Concentration  versus  Absorb¬ 
ance  ' 
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Hxamole  Calculations 


S  No.  N-jOj  OUT- Hi  0- 


son  Mi  .V%;’A 


•Uy  uas  sampled,  raeter  corvl  tions  (V,_)  0.079  CF 


5  i.'  ‘tut  cal  -‘brat ion  coeffi  ;i.*nt  CY) 


livaraye  -sas  meter  tempera*.  ure  (T_) 


■  tro.netric  pressure  (Pv,) 


o,  Rumple  abaor r-'nce  (x) 


f.  3.:r-.ple  dilution  Factor  (DF) 

Rlopc  of  calibration  curve  (m) 
h.  Y-int**«  c«pt  of  calibration  curve  (b) 


561  °R 


29.93 
in  *  Hg 


9.049  A3S 


12,500 

643.833 

1.4308 
>:  10“3 


OJUis'i  iVll'S 


a.  Salta:n.»n  factor  (empirical  ohse:  vat  ion  vh-re 
one  no  le  of  j;o2  yas  yields  the  absorhunce  of 

0.72  ;<>olos  of  sodium  nitr:te)  (K)  0.72 

b.  Conversion  factor  -  liters  per  tabic  oat  (Cf)  2S.3118 

liters 

YKRIVED  DATA 

1.  Conversion  of  dry  uas  sanol ed  to  standard  liters 


V  =  (Y},'V  )  { .®tjC-2_)  (c  ) 


Where:  Tst  is  the  temperature  at  standard  conditions 
C528SB)  and  ?sfc  is  tl>&  pressure  at  st.-ndard  conditions 
(29.92  in.  He). 


V  »  (0.96)  (9.079)  f5^§)  (194L%3)  128.31 18) 

561  29.92 


2.02  dry 
standard  2 .tors 


. . . Mini . . . . . . 


Calculation  of  in  1  1  vj  .lino  of  NaN02  coU.'ni'od  in  i.npi.iger 
trai.ii  during  snouting. 

’'com  the  wu.it ion  for  a  straight  line,  y  =  mx  t  b: 

My  N<»NO  =  ;  .1.  ^ )  OF 

2  in 


mg  N’aNO  •-  (  -  - 
2 


.  , 0 . 049  -  1 .4303  x  10"’,  ,  ,  _ 

(  -  ‘  - >  12,500  =  0,9154  mg 


Conversion  of  milliyr  -ms  of  stiN’O-,  tc  ppm  of  N 


mg  NaMG,  v.*  11/ 

P?m  vn~st~~  M~8  K  1,0 OO9  ( 1,0 00,000  P'ir,.3/millton) 

i-iliere  V&tp  is  tie  volu-ie  in  liters  occupied  by  one  mole  at 
standard  tempo-!  ntnre  and  pro -sure  ( 58  °F,a  nd  29.92  in.  Hg), 
and  M  is  the  molecular  weight  of  NaN02  (69  g/molei. 


ppm  «  (-  K.)  1000  -  219 

2-02  69  C .72 


•  -f*;  •'.*•7^* 


*• . . . . . . . . . . . . . . mm . . . . . . . ram . irnMgm 


MMH/ SULFITE  CONC EHTRA !*I ON'J 
IN  SC  RUB HER  LIQUORS 


Example  Calculations 
Simple  No.  MMH-R1-SS1 


OPERATIONAL  DATA 

a.  Sample  absorbance  (x)  0.337  ABS 

l-ni  ‘,s 

b.  Sample  dilution  factor  (DF)  500 

c.  Slone  of  calibration  curve  (m)  0.98963 

d.  Y-intercept  of  calibration  curve  (b)  3.9667 

x  10"3 


DERIVED  DATA 


1.  Calculate  ug  of  MMH  contained  in  1  ml  of  rubber  liquor 

uc|  MMH  =  (x  _-  bj  DF 
ml  m 


ua 

ml 


MMH 


( 0.337  -  3.9667  x  10-3 
0.98963 


50  0 


168  ug 


2.  Convert  to  grains  MMH  per  liter 


g/1  MMH  =  _E3/lQL,:2Si  (  1000  nl/1) 
10®  ug/g 

g/1  MMH  =  (1000)  =  0.168  g/1 

106 


j 


. . . . . . 


SAMPLE 

GAS  SAMPLE 

MMH 

CONC. 

••1  ■  m*u 

LiyUuR 

SAMPLE 

MMH 

CONC. 

HUN  TIME 

_ NUMBER _ 

(PPM) 

_ NUMBER 

(G/L)  pH 

1050-1131 

7/31/80 


1052 

Mllll-IN-Rl-Sl 

23,300 

MMli-Rl-SSl 

0.2 

1.53 

1107 

S2 

138,000 

SS2 

0.4 

1.59 

1117 

S3 

17,500 

SS3 

0.2 

1.59 

1127 

S4 

46,000 

SS3 

0.7 

1.65 

1102-1131.5 

MMH -OUT -Hi -CT1 

0.1 

1104-1131.7 

CT2 

0.2 

1050-1100 

T1 

0.4 

1105-1115 

T2 

0.3 

1115-1125 

T3 

0.2 

1125-1127.8 

T4 

0.6 

1128-1131.7 

T5 

1 .0 

3/1/80 

0951 

MMH-IN-R2-S1 

251,000 

MMH-R2-SS1 

0.6 

1.71 

1002.5 

S2 

242,000 

SS2 

1.0 

1.82 

1012.5 

S3 

166,000 

SS3 

1.1 

1.85 

1023.5 

S4 

210,000 

SS4 

1.4 

1.90 

1033.5 

S5 

88,000 

SS5 

1.5 

1.94 

0946-1039 

MMH -OUT- R2-CT1 -A 

0.1 

B 

0 

C 

— 

0947-1039 

CT2 

0.2 

0947.5-1000 

T4A 

0.1 

B 

0.1 

C 

0.1 

1001-1021 

MMH-OUT-R2-"  -A 

0.1 

} 

0 

C 

0.1 

1021-1038 

TO -A 

0.1 

B 

0.1 

C 

0.1 

1222-1258 

8/1/80 


1224 

MMH-IN-R3-S1 

135,000 

MMH-E3-SS1 

1.8 

1.92 

1234.5 

S2 

90,000 

SS2 

2.0 

1.96 

1245 

S3 

47,900 

SS3 

2.3 

1.97 

1251 

S4 

131,000 

SS4 

2.4 

2.00 

1256.5 

S5 

600,000 

SS5 

2.4 

2.04 

MMH  SCRUBBER  :  VJPLES  (CoiCi  nue«l ) 


SCRUBBER 

MMH 

LIQUOR 

MMH 

SAMPLE 

GAS  SAMPLE 

CON'C. 

SAMPLE 

CONC. 

L 

RUN  TIMS _ 

NUMBER 

_N>  '•iSER  _ 

(G/L2. 

_ _ PJ1 _  f 

1221-1300 

MMU-OUT- R  3 -CTl - A 

0 

B 

0 

c 

-- 

C 

0 

1222-1300 

CT2-A 

6.5 

; 

B 

7.2 

C 

5.3 

1222-1231.5 

Tl-A 

0.1 

3 

0.1 

C 

0.1 

1231.5-1247.5 

T2-A 

0.1 

B 

0.1 

C 

0.2 

1247.5-1300 

MM11-OUT-R3-T3-A 

0.1 

B 

0 

C 

0.1 

1226-1304.8 

8/4/80 

1228 

MMH-JS-R4-S1 

33,  ■•.00 

i-  •  si 

3.1 

2.01 

1236 

S2 

87,700 

*  S'i 

3.4 

2.04 

1242 

S3 

97,200 

MS  3 

3.9 

2.07 

1253 

S4 

91,900 

o">4 

4.1 

2. 15 

1258 

S5 

100,000 

S5 

4.4 

2.17 

1224-1309 

MMH-OUT-R4-CT1-* 

0.2 

L» 

0.1 

c 

0.2 

D 

C.l 

1225-1310 

CT2-A 

0.  J 

1 

B 

0.1 

l 

C 

0.1 

f  1 

D 

0.1 

i  I 

1225-1310 

CT3-A 

0.1 

*  ?  * 

B 

0.1 

f 

C 

0.1 

D 

0.1 

1351.5-1417 

m  ’ 

8/4/80 

:  i 

1353 

MMH-IN-R5-S1 

93,900 

MMH-R5-SS1 

4.3 

2.24  ! 

1403 

S2 

89,700 

SS2 

4.8 

2.25  , 

14  08 

S3 

82,300 

SS3 

2.4 

2.26  1  .  ) 

1413 

S4 

86,500 

SS4 

3.7 

2.27 

1417.5 

S5 

63,700 

S3  5 

5.2 

2.27 

38 

*  k 

i 

1 1 

•3”H  SC HUM BE R _ S  A MPI. ES  (Coot  i.nu~d) 


""  —  *  *”  -»  «  •  " 

.  ..  - -  — - - 

SCRUBBER 

— 

MMH 

LIQUOR 

MMH 

SAMPLE 

GAS  SAMPLE 

CONC. 

SAMPLE 

CONC. 

_RUN_  TIME _ 

_  NUMBER 

( r?M)_ 

NUMBER 

.  (g/l: 

1350-1418 

MMU-OUT-R5-CT1-A 

0.1 

3 

0.2 

C 

0.1 

D 

0.  1 

1351-1418 

CT2-A 

0 

8 

0 

C 

— 

D 

-  - 

1351-1418.5 

CT3-A 

0.2 

B 

0 

C 

0 

D 

0 

...PH 


0926-1009 

8/5/80  ' 

0931 

MMH-IN-R6-S1 

31,800 

0941 

S2 

46,500 

094  7 

S3 

53,600 

0954 

S4 

65,700 

1003 

S5 

79,300 

1010 

S6 

84,800 

0925-1012 

MMH-OUT  -R6-CT1-A 

0.1 

B 

0.1 

C 

0.1 

D 

0.1 

E 

— 

F 

0.1 

0925-1012 

CT2-A 

0.2 

B 

0.1 

C 

0.1 

D 

0.1 

■ 

E 

0.1 

F 

0 

0926-1011.5 

CT3-A 

0.1 

B 

0.1 

C 

0 

D 

0.1 

E 

0 

F 

0 

MMH-R6-SS1 

5.7 

2.35 

SS2 

6.0 

2.36 

SS3 

6.1 

2.39 

SS4 

6.5 

2.39 

SS5 

6.8 

2.41 

1150-1222 

8/5/80 

1155 

1200 


MMH-IN-R7-S1 

S2 


78,600 

53,300 


MMH-R7-SS1 

SS2 


6.5 

6.5 


2.42 

2.43 


jjutf Mvi'1  a  it i  i,  1 1  . . . . . . 


MMH  S'. 


.H’UHHER  SAMPLES  (Con*.  inued) 


SCRUBBER 


SAMPLE 

RUN  TIME 

GAS  SAMPLE 

NUMBER 

MMH 

CONG. 

(PPM) 

LIQUOR 

SAMPLE 

NUMBER 

MMH 

CONC. 

(G/L) 

PH 

1207.5 

MMi!-XN-R7-s3 

62, 100 

MMH  -.17-9 S3 

6.9 

2.46 

1212.5 

S4 

24,500 

S34 

7.4 

2.48 

1218.5 

o5 

63,500 

SS5 

7.0 

2.50 

1221.5 

36 

39, POO 

1  150-1223 

MMH-OUT- R7  -CTl-A 

0.  1 

B 

0 

C 

0 

D 

0 

E 

0 

r 

0.1 

1150-1223 

CT2-A 

0.1 

3 

0.1 

C 

0.1 

D 

0 

E 

0 

F 

0 

1151-1223 

CT3-A 

0.1 

B 

0 

C 

0 

D 

0 

E 

0 

F 

0 

8/6/80 ~ 

1128 

MMH-1N-R9-S1 

99,400 

MMH -RD -SSI 

7.0 

2.54 

1134 

S2 

121,000 

SS2 

7.4 

2.57 

1 139 

S3 

65, 800 

S33 

7.9 

2.57 

1144 

S4 

466,000 

SS4 

7.9 

2.59 

-- 

S5 

188,000 

1120.5-1148.7 

MMH-OUT-R9-CT1-A 

0.4 

CT2-A 

0.4 

1257-1328 

8/6/80 


1300.3 

MMH-IN-R10-S1 

49,400 

MMH-R10-SS1 

8.0 

2.60 

1304.5 

S2 

133,000 

SS2 

8.4 

2.60 

1310 

S3 

131,000 

SS3 

6.5 

2.61 

1316 

S4 

109,000 

SS4 

7.1 

2.62 

1320.5 

S5 

96, 200 

SS5 

6.2 

2.63 

1323.8 

S6 

44,400 

1257-1330.3 

MMH  -OUT-R1 0 -CTl 

0.3 

1257.5-1330 

CT2 

0.4 

yr.VA 

SCRUBBER  HA. 

MPLES  (Continui 

;<1 ) 

SCRUBBER 

MMH 

LIQUOR 

MMH 

SAMPLE 

GAS  SAMPLE 

CO.NC. 

SAMPLE 

conc. 

RUN’  TIME 

NUM-sER 

;  ppm ) _ 

NUMBER 

..  SG/Jd. . 

_ _ pH..  ~ 

0350-0929.9 

8/7/80 “ 

0854.5 

MMii-IS-Rl  1-SI 

71,700 

.MMH-Kli-SSl 

8.3 

2.70 

0859.5 

S2 

25,900 

SS2 

8.7 

2.71 

0908 

S3 

22,900 

SS3 

9.3 

2.74 

0915.5 

S4 

29,900 

SS4 

9.1 

2.76 

092  3 

S5 

68,900 

SS5 

3.9 

2.76 

0929.5 

S6 

37,000 

SS6 

7.5 

2.76 

0850-0933 

MMH-Olir-Rl  1-CTl 

0.4 

0850.5-0933 

C'1'2 

0.6 

1055-1126.15 

8/7/80 

1058.8 

MMH-IN-R12-S1 

17,000 

MMH-R12-SS1 

4.8 

2.80 

1103.8 

S2 

16,800 

SS2 

9.7 

2.81 

1109.5 

S3 

17,000 

SS3 

9.2 

2.82 

1115 

S4 

80,500 

SS4 

9.6 

2.84 

1121.3 

85 

41,900 

SS5 

10.2 

2.84 

1125.3 

S6 

56,100 

1055-1127 

:-rji-our-.<i2-CTi 

0.6 

1056-1127 

CT2 

0.6 

CT3-A 

0.5 

1122-1148.8 

B 

0.4 

1258-1330 

c 

0.3 

0351-0933 

D 

0.2 

1C  57-1127 

E 

0.1 

p 

0.1 

0844-0924.8 

8/8/80 

0847 

MMH — IN-R13-S1 

18,900 

MMM-Rl  3- SSI 

8.5 

2.86 

0059.5 

S2 

12,400 

SS2 

8.7 

2.88 

0907 

S3 

35,900 

SS3 

11.2 

2.89 

0913 

S4 

21,300 

SS4 

10.7 

2.90 

0921 

S5 

32,300 

SS5 

11.6 

2.92 

0844-0925 

HMH-OUT-R1  3--T1-A 

0-2 

B 

0.2 

0844.5-0925 

CT2-A 

0.3 

B 

0.2 

1036.8-1109.1 

3 

8/8/80 

1040 

MMH-IN-R24-S1 

257,000 

MMH-R14-SS1 

10.7 

2.92 

1047 

S2 

25,700 

SS2 

10.1 

2.92 

'I'|i„  ,li . iiiliillluillliiiliJlIilllilllililliuiiiliiillllilliiil 


SCTUBBER 

MM:2 

LIQUOR 

MMH 

.MPLE  GAS  SAMPLE 

CONC. 

SAMPLE 

CONC. 

!  TIME  NUMBER 

(PPM) 

NUMBER 

(G/L) 

1053.7 

MMU-IN-R14-S3 

33,500 

MIJii-Rl4_SS3 

12.1 

2.92 

1100.7 

54 

.19,900 

SS4 

9.8 

2.93 

1105.5 

S5 

*23,200 

SS5 

12.9 

2.96 

1037-1110 

M'-'Jl -Oirr  -  R 1 4  -CTl  -  A 

0.2 

3 

0.1 

1037.5-1100 

CT2-A 

0.3 

CT2-B 

0.1 

1005.3-1044.9 

3/11/30 


1003.8 

MMH-XS-Rl 5 -SI 

94,500 

MMU-R15-SS1 

12.6 

3.02 

1013 

S2 

20,700 

SS2 

13.2 

3.05 

1020.3 

S3 

18,600 

SS3 

13.4 

3.07 

1026.5 

S4 

23,700 

SS4 

14.5 

3.09 

10  34.3 

S5 

22, 100 

SS5 

14.1 

3.10 

1040.5 

S6 

90,100 

1006-1045 

KMH-Olir-Rl  5-CTl-A 

0.5 

B 

0.2 

1006.5-1045 

CT2-A 

0. 5 

B 

0.3 

1206-1236.2 

8/3 1/80 

1203.3 

MMH -1N-R16-S1 

97,000 

MMH-R16-SS1 

15.1 

3.07 

1212.3 

S2 

57,200 

3S2 

14.0 

3.08 

1239.5 

S3 

77,600 

SS3 

13.8 

3.10 

1226.7 

S4 

12,700 

SS4 

12.3 

3.11 

1233.7 

S5 

25,700 

SS5 

14.7 

3.11 

12  36 

S6 

74,300 

1206-1237 

MMH-OLT-R16-CT1-A 

0.5 

B 

0.2 

1206.5-1237 

CT2-A 

0.3 

B 

0.2 

MMIi-OUT-RiC-CT3-A 

0.6 

0845-0925 

3 

0.5 

1038-1110 

C 

0.3 

1007-1045 

D 

0.3 

1207-1237 

E 

0.1 

F 

0.1 

1039.5- 1148  S 

1311.5- 1415.5 
8/26/80 


1046  KKH-IM-R17-S1  1,170  KMH-R17-SS1  15.8  3.09 
! 101.5  S2  71,100  SS2  15.2  3.13 
1110.7  S3  71,400  SS3  15.9  3.19 


. . . . 


km;; 

SCKUHHER 

SAMPLES  C  Cont  i  ) 

SCRUBBER 

i*j.  Ji 

LIQUOR 

MMH 

SAMPLE 

GAS  .'  AM PI  E 

CCN'C. 

SAMPLE 

CONC. 

RUM  TIME 

NUM  ’ER 

(P?M)_ 

NUMBER 

.  {GZLL 

1118.7 

MKii-1  N-H17  -S4 

80,600 

M.MH-R17-3S4 

15.4 

1132.7 

S5 

79,400 

SS5 

15.9 

1145.5 

S6 

103,000 

SS6 

26.2 

1316 

S7 

69, 600 

SS7 

15.8 

1323.7 

53 

93,300 

SSS 

16.0 

1334 

S9 

82,600 

SS9 

16.2 

1340 

S10 

86,900 

SS10 

16.6 

1401.8 

Sll 

198,000 

SSll 

17.5 

1415 

>12 

111,000 

SS12 

16.7 

KKH-0UT-F17-C  Tl-A 

1.2 

3 

0.7 

1039.5-1148 

!  c 

0.5 

1311.5-1416.7 

I  D 

0.5 

E 

0.4 

F 

0.3 

CT2-A 

1.7 

8 

1.0 

1040-1148  j 

C 

0.6 

1312-1416.7  1 

D 

0.3 

E 

0.2 

1041-1148  1 

T6-A 

2.3 

1055.5-1207.3 

1327.3-1431.5 

8/27/30 

loss 

S 

MMH-IN-E13-S L 

598,000 

MMH-RlS-SSl 

1.9 

1108 

S2 

121 ,000 

SS2 

1.9 

1117 

S3 

105,000 

SS3 

2.0 

1121.8 

S4 

107,000 

SS4 

2.3 

1152 

S5 

120,000 

SS5 

3.0 

1201.7 

S6 

101,000 

SSS 

3.2 

1331 

s  ’ 

122,000 

SS7 

3.2 

1344 

S3 

98,000 

SSS 

3.3 

1352.5 

5) 

83,000 

SS9 

3.8 

1355.9 

S10 

79,000 

SS10 

3.8 

1419 

Sll 

77,000 

SS11 

4.1 

1427.3 

S12 

84,000 

SS12 

4.3 

1055.5- 1207.5 

1327.5- 1432.3 

MMH-OUT-R 1 3 -CT1 

-A 

B 

C 

D 

£ 

0.4 

0.2 

0.2 

0.2 

0.1 

_£H. 

3.20 

3.22 
3-24 

3.23 

3.24 

3.25 

3.26 
3.30 
3.33 


1.91 

1.89 

1.79 

1.94 
1.93 

1.95 
2.11 
2.14 
2.18 
2.20 
2.26 
2.29 


N->Q^  SCRUBBER  SAMPLES 


SCRUBBER 

no2 

LIQUOR 

so3- 

SAMPLE 

GAS  S.iMPLa 

CON’C. 

SAMPLE 

CONC. 

RUN  TIME  . 

_ NUMBER _ 

(PPM)  _ 

NUMBER _ 

{%)  p5*. 

1304-1355.6 


3/13/80 

1321 

S02-IN-Rl-Sl 

312,000 

jjo2-ri-ssi 

7.23 

13.39 

133"' 

S2 

245,000 

SS2 

7.23 

13-33 

134< 

S3 

1,170,000 

SS3 

6.93 

13.29 

1349 

S4 

594,000 

SS4 

6.69 

13.24 

1304-1355 

N02-OUT-Sl-cn 

12 

1316-1355 

cr2 

28 

1316.5-1326.5 

To 

47 

1326.5-1336.5 

T5 

34 

1336.5-1345.5 

T4 

70 

1345.5-1355.6 

T3 

72 

0907.5-1020.5 


8/ 14/3 0 

0937.5 

N02-IS-K2-S1 

104,000 

N02-R2-SS1 

4.43 

13.23 

0947.3 

S2 

144,000 

SS2 

2.52 

13.21 

0957.8 

S3 

118,000 

SS3 

3.97 

13.18 

1006.5 

S4 

130,000 

SS4 

3.71 

13.15 

1014.8 

SB 

131,000 

SS5 

3.45 

13.12 

1025 

S6 

11,400 

SS6 

2. 73 

13.09 

0907.5-0959.5 

no2-out-r2-c  n 

56 

0932-1020 

C?2 

5 

0933-0950 

Tl 

156 

0950-1000 

T2 

21 

1000-1010 

T3 

21 

1010-1018.8 

*1  'i 

20 

1023-1029.5 

T  5 

39 

1247.8-1333.3 

8/14/80 

1253 

no2i;;-r3-si 

32,000 

N02  R3-SS1 

2.68 

13.09 

1301.5 

S2 

191,000 

SS2 

2.86 

13.07 

1311.5 

S3 

405,000 

SS3 

2.66 

12.99 

1323 

S4 

550,000 

SS4 

1.97 

12.75 

1332.5 

S5 

664,000 

SS5 

1.47 

12.25 

1248-1333.3 

NQ2— OOT-R3-CTI 

373 

1248-1333.5 

cr2 

345 

1249-1259 

Tl 

208 

1259-1309 

T2 

176 

1309-1319 

T3 

377 

1319-1329 

■  -  4 

i  ** 

1,386 

1329-1333.8 

r5 

11,320 

I 


'I 


K-» Q-  SCh'-’.i?. SR  S--.P 


' .  3  (Continued) 


1 303-1403 
8/ 15/80 
1307.8 

1328. 3 
1335.1 
i  34-1  •  8 
1354.7 

1405.3 

1303- 1409 

1304- 1409 

1305- 1323 
1323-1333 
1333-1343 
1343-1353 
1353-1403 
1403-1408 


»AS  SA".P1E 
NUMBER 


S02 -IS-R4-S1 

52 

53 

54 

55 

56 

:o2-i-,ur-?4-CTi 

Cf  2 


::°2 

Cose. 

C??M) 

Sf’H  U33ER 
mQ'Jor 
AMPLE 

'  J”HER 

so3= 

cose. 

__ _ {%) _ 

pH 

257, 000 

- «  v 

6.51 

13.53 

256,000 

SS2 

6.44 

13.50 

295,000 

SS3 

8.  13 

13.47 

295,000 

SS4 

5.55 

13.45 

285,000 

SS5 

5.19 

13.41 

236,000 

SS6 

5.12 

13.33 

1 248- 1343.3 
8/18/80 
•25075" 

1303 
1  314 
1328 

1337.5 
1248-1 343.6 
!  249-1 300. 5 

1300.5- 1313 
1313-1325. 5 

1 056.5- 1215 
8/19/80 

110(T 

1116.5 
1 132 


N’02-IN-K5-S1 

52 

53 

55 

56 

:.’02  -OUT-H5-CT1 
T3 
T4 
T5 


N02-IN-K6- 


332,000 
373,000 
373,100 
1,080,000 
1, 140,000 
1  ,020 
1,350 
421 
292 


315,000 

389,000 

421,000 


1151 

S4 

355,000 

1053-1215 

N02-OUT-R6-CT2 

86 

1057.5-1114.3 

T6 

170 

1114.3-1129.3 

t5 

92 

1129.3-1149.3 

T4 

87 

1 149.3-1215.3 

T3 

26 

1424.5-1525.5 

8/19/80 

1427 

N02-JS-R7-S1 

6,710 

14  35 

S2 

28,600 

R5-SS1 

5.09 

13.33 

SS2 

4.38 

13.23 

SS3 

3.93 

13.21 

TS4 

3-48 

13.11 

SS5 

2.82 

12.36 

CS6 

2.52 

12.66 

•SSI 

6.58 

13.62 

SS2 

6.31 

13.57 

SS3 

5.41 

13.51 

SS4 

4.86 

13.44 

SS5 

4.18 

13.37 

SS6 

3.39 

13.33 

N02 —1 7-SSl 
SS2 


13.27 

13.30 


,6 


|l|IIMI|)||*l|l!l||l|||ll|ll||l|||!lill!|llllll|)rl1HI!j||||llll  111 . .  . . . . fulfil, . . 


r:  .o. 


SAMPLE 
RUN  TIME 

1449.5 

1505.5 

1513.5 
1425-1525.7 

1425.5- 14 22. 5 

1432.5- 1447.5 
1447-1502.5 
1502.2-1525.8 

0921.5-1013.5 

8/20/80 

0926 

0931.5 

0948 

1006 

1011.8 

0920.5-1013.5 

0921-0929 

0929-1004 

1004-1014 

1004-1014 

0922.3-1013 
3/22/80 
0925.5 
0938 
0948-3 
0957 
1007 

0922-1012 
0923-0942 
0942-0955 
0955-1013 
0955-1013 

134b. 8-1439 


GAS  SAMPi 
M'XPKH 


:»U9  A 


S3 

-K7-cr2 

23 


>BKR 

SCKGSnER 

i02 

LIQUOR 

S03  = 

INC* 

SAMPLE 

con2. 

>p«  \ 

_ NUMP.ER 

_ (%  5 _ 

pH 

300 

N02-R7-SS3 

4.73 

13.29 

000 

SS4 

4.33 

13.20 

000 

SS5 

3.45 

13.02 

1  i 

SS6 

3.39 

12.92 

?102-IM-R8-S1 
S  2 

53 

54 

55 

N02-0UT-R8-C  2 
T4 

rs 

?6 

{NO  sample)  To 


35 


13 


334,000 
311,000 
351,000 
363,000 
337,000 
1,4  52 
2,573 
1,136 
2,636 
1,417 


8/22/80 

1350.8 

1357.7 
1415 
1426.3 

1435.7 
1347-1439.5 
1347.5-1355.9 


47 


NO-)-' 


-SSI 

1.47 

12.83 

SS2 

1  .25 

12.76 

SS3 

0-83 

12.22 

SS4 

0.50 

11.11 

SS5 

0.45 

10.73 

N02-IN-R9-S1 

152,000 

"  ^-29*351 

S2 

463,000 

SS2 

S3 

891,000 

SS3 

S4 

633,000 

SS4 

S5 

429,000 

SS5 

2 

4 

SS6 

"*4 

s:  5 

6 

(NO  sample)  .6 

ND2^IN-H10-S] 

12 

6 

i 

A 

313,000 

.*:o2-;<ic-ssi 

32 

230,000 

ss2 

S3 

441 /000 

S3  3 

34 

742,000 

SS4 

S3 

I  ,060,000 

SS5 

no 2 -our -a i o - :t2 

76 

336 

T4 

219 

6.14 

5.83 

5.73 

5.38 

5.35 

5.37 


13.65 

13.60 

13.60 

13.63 

13.56 

13.60 


6.08 

5.41 

5.17 

4.32 

4.91 

4.49 


13.36 

13.35 

13.29 

13.20 

13.00 

12.75 
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N?0^  SCRUDi'ER  SAMPLES  (Concluded) 


SCRUBBER 


SAMPLE 

RuH  TIME 

GAS  SAMPLE 

NUM3ER 

no2 

CONC. 

(PPM) 

LIQUOR 

SAMPLE 

NUMBER 

SO,- 

CONC. 

m 

pH 

1355.9-1413.5 

rJO2-GUT-R10-T5 

63 

1413.5-1439.3 

T6 

24 

1413.5-1439.3 

(NO)  T6 

58 

1325-1433 


8/25/SO 

1329 

N02-IN-R11-S1 

332,000 

N02-P.ll-SSl 

3.13 

12.93 

1335 

S2 

354,000 

SS2 

2.87 

12.35 

1354 

S3 

327,000 

SS3 

1.89 

12.12 

1410.5 

S4 

231,000 

SS4 

1.40 

11.20 

1423 

S5 

389,000 

SS5 

1.21 

10.69 

1434 

S6 

252,000 

SS6 

0.92 

10.25 

1326-1438 

1326.5-1333 

1333-1419 

1419-1433 

HO t-0UT-R1 1-CT2 

T4 

T5 

T6 

3,360 

9.650 

2,390 

6,850 

